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Studies of the fragility of the natural environment often accord a prime role to human activities such as habitat destruction, land cover change, and "overuse" of biotic resources. One of the factors most closely associated with environmental degradation in the developing world is poverty. A well-known analysis suggests that the poor are found disproportionately in the dryland, highland, and rainforest zones of the tropics, several of which have been identified by other researchers as "critical" in terms of the quality of their natural resource base and the stresses placed upon them by human uses. (1) These perceptive analyses offer a picture of spiraling degradation, growing poverty, and the displacement of people to accommodate economic growth and population increase. This article, by contrast, examines cases that lead to a different conclusion. While aggregate or regional statistics present a depressing picture, it is quite evident that at the local level many land users and communities have been able to reduce their environmental impacts, sustain their livelihoods, and fight back against institutionalized poverty through a process of innovation, technological choice, and social organization.(2) Their experiences may offer important lessons for environmental management in general.
In designing policies to combat resource degradation and poverty, it is important to take a fresh look at these experiences and the ways in which (to use the language of development professionals) "sustainable livelihoods" are maintained. Too often, presuppositions have come to dominate our thinking about degradation and pressure on resources when there is evidence for alternative views. In one well-known study, for example, Michael Mortimore, Mary Tiffen, and Francis Gichuki described how a combination of soil conservation and new economic activities in the Machakos region of Kenya has resulted in greater well-being with less damage to the land.(3) Similarly, in Nepal, where analysts have decried the destructive nature of the frequent landslides, research has shown that many farmers actually anticipate these landslides, using them to refresh degraded soils and build terraces. (4) These instances are examples of adaptation. In the context of developing countries, an adaptation is a strategy adopted to reduce the impacts of environmental or social change on local resources. (5) Although there are many examples of successful adaptations, their role in avoiding environmental degradation is still unclear. Critics have suggested that at some point local strategies may be weakened or even reversed by social and economic changes. Furthermore, they argue, some adaptations may only protect certain resources or benefit only some members of a community. (6) One must be wary, therefore, of saying that adaptations are successful just because particular adaptive practices have certain positive effects. Societies often contain divisions based on gender, caste, or other factors that limit adaptive success to certain individuals or households or that render that success short-lived. For this reason, it is important to examine how adaptations come about and why they succeed or fail.
Defining Adaptations
Environmental adaptations include measures such as technological innovations, changes in land-use practices, and economic diversification that reduce the impacts that local people have on their land and other natural resources. (Because this simple definition masks decades of research into the origins of adaptations and their impacts on local livelihoods and environmental management, a more extensive discussion is presented in the box on page 9). The following examples illustrate the nature of the adaptations in three key land-use situations in developing countries.
Agriculture in Highland Areas
Those who cultivate the steep slopes found in highland areas are especially vulnerable to declining soil fertility and accelerating erosion. However, certain adaptations may reduce the impact of such farming on soil resources. The Wola people, who inhabit the southern highlands of Papua New Guinea, offer one interesting example. The Wola are sedentary agriculturists who grow crops on slopes cleared of the native forests by means of slash-and-burn techniques. This type of agriculture is usually thought to damage the environment by accelerating soil exhaustion and thereby leading to further deforestation. (Increasing population may place additional pressure on the land.)(7) Yet research has shown that the Wola are able to maintain soil fertility by constructing mounds of soil using rotting vegetation as compost. They call these mounds em hul, or "bone gardens," because of their bonelike durability. Another technique they employ is to plant a variety of crops (sweet potato, taro, wild spinach, and sugar cane) during the first few years of cultivation and just sweet potato thereafter. The soil mounds provide a rich supply of carbon and nitrogen for the mixed crops, while sweet potato can thrive with far fewer nutrients. (8) The Mien (Yao) people living in the highlands of northern Thailand offer a similar exampLe. The Mien immigrated from China and Laos, where they practiced shifting cultivation, earlier in this century.
Historically, repeated exhaustion of the soil forced them to relocate their villages every 10 to 20 years. Since coming to Thailand, however, they have remained settled for more than 50 years -more than enough time for their soil to lose its fertility. The Mossi, who inhabit the central plain of Burkina Faso, are one such example. Burkina Faso faces some serious challenges. Its population is growing at the relatively rapid rate of about 2.6 percent per year, and the yields of rain-fed cereals and pulses (crops such as peas and beans) are unpredictable due to frequent droughts and wide variations in soil quality. To maintain the integrity of their soil under such conditions, the Mossi have adopted such practices as creating compost pits to enhance soil fertility and building diguettes (semipermeable lines of stone placed at right angles to the slope) to prevent erosion. International development agencies have aided these adaptive strategies by promoting innovations in both the design and the implementation of conservation techniques. (11) A long-standing adaptive process in this region is for farmers to migrate from the drier northern areas to Burkina's cities (or to the neighboring country of Cote d'Ivoire) for wage employment during the dry season, when they do not work on the land. Most Mossi communities have a significant number of people living elsewhere for shorter or longer periods and sending back remittances to their families.
Migration has allowed farmers to increase their options for income generation while reducing the pressures on the land and local food supply. (12) The Kano region of northern Nigeria provides a parallel case of dryland adaptation. Despite population densities in excess of 200 people per square kilometer, farmers have maintained high crop yields through a process of agricultural intensification. As part of this process, they employ distinct cereal genotypes suited to different climatic conditions. Many farmers have also returned to the oncecommon practice of collecting wild seeds in addition to obtaining seeds from standard commercial sources. During dry years, they supplement their income from crops by raising more goats and sheep, mixing farming with business activities, engaging in paid agricultural labor, and migrating to the cities for short-term wage employment. (13) These adaptations have reduced the potential impact of drought or politico-economic uncertainties by diversifying the sources of income, promoting land conservation, and ensuring a more secure food supply. By and large, sustainable farming practices have evolved without widespread development assistance or support from the Nigerian government or nongovernmental organizations, though in some cases local organizations have evolved to help farmers make the transition.
Forest Protection and Regrowth
In tropical forest environments, local people face a variety of threats to their livelihoods from logging, the influx of new settlers, land clearance for extensive agriculture, the degradation of forest species used for food, and construction. Commonly, local cultivators are blamed for the destruction of the forests in which they dwell. Research, however, suggests that many communities actually strive to restrict such destruction.
In the forest-savanna transition zone of Guinea in West Africa, scientists and policymakers have blamed the Kissi and Kuranko people for the deforestation that has occurred during the last 200 years. Officials claim, for instance, that some 800 patches of forest land in Kissidougou province represent relics of a larger forest that once covered this entire area. However, research into historical land-cover patterns and local forestry practices suggests that the Kissi and Kuranko actually created these patches on relatively treeless savannas through a painstaking process of altering fire and soil conditions (i.e., targeted burning to reduce the risk of fire and increase soil fertility, gardening to promote tree growth, and the tethering of animals). Indeed, this research indicates that some 71 percent of the 38 villages surveyed were founded in areas of savanna and encouraged forest growth around them. (14) One of the farmers' key strategies has been to promote the growth of the "silk-cotton" tree and other fast-growing [TABULAR DATA FOR TABLE 1 OMITTED] species that increase forest area, provide wood, reduce the risk of fire, and once helped conceal villages from attackers. As part of this process, grazing cattle have been used to reduce the fire risk by removing flammable grasses. Villagers have also fostered the growth of tree species that provide tree crops and medicines by transplanting wild trees or planting suckers or cuttings. This example reveals how villagers may organize to protect resources not only through the short-term use of fire but also through the long-term process of nurturing forest islands. So-called "natural" landscapes in this region may in fact be largely created by humans.
In Thailand, shifting cultivators have been blamed for increasing the rate of deforestation and degrading forest quality. Research among the Lawa and Karen ethnic groups, however, suggests that the accusations are overstated. Farmers among these groups have adopted the practice of leaving "relict emergents" (specially selected trees) on cultivation sites after burning the remaining vegetation to make way for crops. As a result of leaving some trees, the forest grows back more quickly, the trees are taller, and there is more biodiversity than would otherwise be the case. These forests may even be more beneficial to the local people than those stemming from government reforestation schemes. (15) The Lawa and Karen have lived in northern Thailand for centuries, and they are known for their ability to rotate cultivation sites to protect soil fertility and forest diversity. Table 1 above summarizes the case studies presented in this section. As a group, they indicate that local people do indeed adopt land practices that reduce the negative impacts on natural resources and, in some cases, they even act to restore or increase those resources.
Explaining Adaptations
The examples given above call into question some general assumptions about the links between poverty and environmental degradation. Instead of poverty leading inexorably to more degradation and vice versa, they suggest that local adaptations may both enhance livelihoods and protect natural resources. In addition, they remind us that there are long-term adaptive processes at work in societies that should be viewed not in mechanical, evolutionary terms but as organized and considered responses to local problems. For these observations to be of value, however, it is important to explain exactly how adaptations work.
Researchers have sought to explain adaptations in a variety of ways. As discussed in the box on page 9, one key distinction is that between adaptive strategies and adaptive processes. Strategies are short-term practices adopted in response to sudden shocks or difficulties in accessing resources.
Processes are longer-term transitions that change the relationship of a society to its resource base. Table 2 on this page summarizes how adaptive strategies are themselves responses to long-term processes such as population growth and the diversification of rural incomes.
Each transition has several components. For example, a common adaptive response to land pressures is to adopt conservation measures such as those undertaken in Burkina Faso and Nigeria. Whether such measures will be adopted (and the form that they take) depends on several "arbiters of change," including the knowledge farmers have, the biophysical environment (particularly rainfall and soil conditions), and the availability of labor. For this reason, each transition will be relatively unique, reflecting the interactions between people, their institutions, their political economy, and their environment. In these instances, adaptive strategies (such as the creation of soil mounds or forest islands) blend with adaptive processes (such as more permanent cultivation or diversifying income sources). In addition, adaptive processes often involve the spatial expansion of activities away from the locality to reduce local resource pressures, as in the migration of people from Burkina Faso to Cote d'Ivoire to supplement their incomes. In some cases, the migrants have established social networks at their destinations to reduce the economic and social risks of seasonal migration. Figure 2 on page 28 shows a basic model of adaptive processes as they occur over larger and larger temporal and spatial scales, highlighting the fact that this means moving beyond local social, economic, and natural resources into increasingly wider systems. This is particularly appropriate for dryland communities, where diversification is the most common response to crop failure or drought.
The Down Side to Adaptation
Despite the benefits conferred by adaptative strategies and processes, researchers are increasingly pointing to their potentially negative impacts on some individuals. In particular, critics have suggested that the growing spatial and temporal scales of adaptations may mean that only some resources are protected and only some members of the community benefit. Indeed, the word community may be inappropriate in this context because it suggests that there is a unity among a diverse group of individuals who may also be divided along age, gender, caste, ethnic, and class lines.
In the Sahel region, for example, many of those who migrate in search of work fail to find it, to the great detriment of those left behind. (Nearly all of the migrants are men trying to support their families, (18) ) Those who do find employment may become part of highly competitive labor or product markets, with only small gains (or even losses) to show for their efforts.(19) Economic diversification has also led to increased environmental degradation. In northern Thailand, for instance, some relatively well off Mien farmers have begun selling souvenirs to tourists and using the income to expand the size of their farms by hiring poorer farmers as agricultural labor. The latter, however, have continued to crop their land frequently, thus increasing the net pressure on farming resources. Little is being done to help those who need extra income the most. (20) Adaptations themselves may also be fragile and easily abandoned during times of severe social or economic unrest. The flare-up of ethnic violence in Rwanda in 1994-96 offers a good example. In this conflict, more than 1 million people were killed and 2.9 million displaced from their homes. As a result, social and economic networks throughout the country were seriously disrupted and many people lost access to the resources they depend on to earn a living. Large numbers ended up in refugee camps in neighboring countries, heavily dependent on international assistance for mere survival. (21) The drought that afflicted Sudan from 1983 to 1985, causing approximately 100,000 people to die of starvation, offers another important example. Many of the victims were people with poorly diversified livelihood systems. Dependent on crops and lacking stocks of food or animals, they readily succumbed to famine. Two other factors greatly exacerbated the situation, however. First, the government was poorly prepared for the drought and failed to distribute available food to those who needed it. (22 The second problem is that environmental adaptations have been accompanied by a redistribution of wealth that may restrict both rich and poor villagers' ability to protect the land. For example, in one village in the Machakos area (where population densities can exceed 500 people per square kilometer), researchers found that only 57 percent of the farmers could afford the capital needed to produce cash crops for the market. Because access to credit is not equally available to all, a significant polarization of wealth has occurred since 1965. In that year, the poorest fifth of households owned 8 percent of the land; in 1995, they owned 3 percent. By contrast, the richest fifth owned 40 percent of the land in 1965 and 55 percent in 1995. Thus, it appears that it was the richer households that convened "more people" into "less erosion" through improvements to the land. Although some members of the community are benefiting from such improvements, many cannot afford them and so are relatively worse off. (26) Lessons for the Future What lessons can be drawn from the adaptations that different peoples have made to reduce damage to resources and maintain their livelihoods within fragile environments? Perhaps most importantly, it is clear that there is little evidence for either broad-brush Malthusian assertions about the links between poverty and environmental degradation or for uncritical Boserupian optimism about human abilities to avoid resource depletion. Adaptations indeed have positive impacts on local development opportunities and environmental protection. However, the case studies discussed above indicate that they are also contingent on the vulnerability context, the forms of capital available, and the historical dynamics of livelihood systems. The most sustainable solution for development and environmental management may be to consider adaptive capabilities as integral features of local livelihood systems and to support them where possible while continuing to tackle the more deep-seated causes of poverty.
Increasingly, development practitioners are adopting the concept of "sustainable livelihoods" as a framework for supporting adaptations (see the box on page 29 for more on this concept). A livelihoods approach focuses on the ability of rural people to discover, formulate, and carry out adaptive strategies and processes. It acknowledges that such people usually do take measures to protect their resources and avoid poverty or marginalization when they have the necessary local institutional support and expertise. As a result, sustainable livelihoods programs seek to formalize and strengthen local institutional capacity for environmental adaptations by working through community associations, farmers' organizations, and agricultural networks.
The sustainable livelihoods perspective also highlights the fact that adaptive strategies rely on knowledge of and engagement with broader economic systems and ideas. Indeed, it is essential that adaptations have broader spatial and temporal scales to help increase the social and economic resilience of local communities as well as their access to natural, social, and economic capital. (27) Unlike adaptations based on increased access to regional or international labor markets, however, sustainable systems are characterized by some degree of local choice and control with respect to participation in markets and migration opportunities. The key lesson is that environmental adaptations need to be both diverse and accessible to all members of a community to ensure that they actually work against environmental degradation and poverty.
The value of taking a sustainable livelihoods approach is evident in the Andes of Ecuador and In these examples, villagers have been able to gain entry into regional trading systems through a combination of local production and the ability to ensure that most farmers have access to markets. another scholar put forth the more radical idea that adaptations serve to ensure human survival against various biophysical threats within the ecosystem (in keeping with this thesis, he focused on optimal foraging strategics, i.e., ways to obtain required nutrition for the least effort).(2) At the same time, geographers were identifying a range of "adjustments" made by individuals to deal with natural disasters. These adjustments were based on several factors, including their perception of hazards, the nature of their personal contacts with them, and their personalities. (3) Today, researchers generally make a distinction between adaptive strategies and adaptive processes.
In this context, an adaptive strategy is a practical decision by an individual to permanently change the productive activities in which he or she is engaged (such as selling livestock during drought years or diversifying into new crops based on assessments of climatic and economic conditions). Such strategies are most important for poor communities seeking food security in the face of resource scarcity or rapid socioeconomic change. An adaptive process, on the other hand, entails a strategic, long-term decision such as undertaking long-distance migration or constructing terraces on steep agricultural lands. Adaptive strategies and processes both involve a variety of major and minor changes to local practices and social organization. Either may be called adaptations, and they may occur over a variety of time scales. In the words of another anthropologist, the "particular circumstances of geography, demography, technology, and history" result in a "splendid variety of cultural values, religion, kinship systems, and political structures" that may lead to a great range of livelihood strategies.(4) Adaptations offer sufficient benefits to be adopted on a long-term basis, but as anthropologists and geographers remind us, it is not helpful to see them merely as relatively straightforward changes made in response to environmental stress. Not only have people been severed from their resource base through displacement or hazards, there are adaptations that have negative impacts elsewhere or in relation to other processes (soil conservation up-slope can disadvantage farmers lower down, for example).
Researchers adopting an adaptation framework have illustrated the ability of local groups to assert their autonomy from economic or political change, and ingenious adaptations and innovations form a part of this process.(5) Much can be learned from the careful study of such tactics, particularly in agrarian systems. Nonetheless, the identification and measurement of adaptations -and assessment of their sustainability -is not possible without long-term observation or reference to the multiple constraints (e.g., exploitation, forced migration, and commercial systems that disadvantage the rural poor) that can impede the process of adaptation.(6) While people frequently overcome such constraints, one must bear in mind there are many more components to the maintenance of sustainable local livelihood systems than simple adaptation to environmental stresses. (7) 
